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psoriasis or multiple sclerosis are provided, comprising the step of delivering to 
the site of inflammation an anti -microtubule agent, or analogue or derivative 
thereof . 

29 Claims, 167 Drawing figures 
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DOCUMENT- IDENTIFIER: US 5776486 A 

TITLE: Methods and apparatus for making liposomes containing hydrophobic drugs 
Drawing Description Text (17) : 

FIG. 16 depicts the toxicity profile of cells to which liposomes made in accordance 
with the present invention but without paclitaxel were applied as a control study. 

Drawing Description Text (19) : 

FIG . 18 depicts the toxicity profile of cells to which liposomes made in accordance 
with the present invention containing paclitaxel, were applied as a percent cell 
survival as a function of dosage level. 

Drawing Description Text (20) : 

FIG. 19 depicts graphically, in bar graph form, a comparison of in vitro percent 
specific effect of 1.0 .mu.g/ml liposomes containing paclitaxel made in accordance 
with the present invention and cremophor formulated paclitaxel (CP) for three breast 
cancer cell lines. 

Detailed Description Text (110) : 

Liposomes containing paclitaxel, paclitaxel and cephalomannine, or camptothecin were 
formed as described in Example 1. Such liposomes were made using a 0.5 mm nozzle at a 
pressure of 4,000 psig and a temperature 60. degree. C. Paclitaxel and cephalomannine, 
or camptothecin, in powdered form, were placed with phospholipids into a phospholipid 
chamber 69 of the apparatus depicted in FIG. 1. The apparatus was operated to 
dissolve the phospholipid and drug in SCoCoNC fluid to form a drug mixture. This 
mixture is injected into an aqueous phase to form liposomes. 

Detailed Description Text (112) : 

Liposomes containing paclitaxel, or paclitaxel and cephalomannine, or camptothecin 
were formed as described in Example 1. That is, phospholipid, drug, aqueous phase, 
and a SCoCoNC fluid are thoroughly mixed in an apparatus as described in FIG. 1. The 
apparatus is operated at a pressure of 4,000 psig and a temperature of 60. degree. C. 
This mixture is held in a first vessel and placed in fluid communication with a 
second vessel via a nozzle. Upon depressurization of the mixture, as the mixture 
moves from the first vessel to the second, or upon depressurization of the mixture 
upon entering the second vessel, liposomes containing drug are formed. 

Detailed Description Text (124) : 

The liposomal samples from liposome formation processes featuring injection and 
decompression were centrifuged at 2,000 rpm for 30 minutes, to remove any 
unencapsulated solutes and large phospholipid crystals in the liposome suspension. An 
HPLC assay was performed to determine the paclitaxel and cephalomannine content of 
liposomes in the supernatant of the centrifuge tube. For comparative reasons, 
liposomes formed by sonication were also centrifuged and the suspended liposomes were 
assayed for paclitaxel and cephalomannine content. The results are presented in Table 
2 0 below. 



Detailed Description Text (125) : 

The data clearly demonstrates that liposomes formed by injection or decompression 
encapsulate paclitaxel and cephalomannine. The data also suggests that injection or 
decompression processes capture paclitaxel more effectively than those formed by the 
sonication method. In LIP-166 formed by sonication, it appears that a large amount of 
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unencapsulated paclitaxel was present in the solution, more than 45%, and that 
untrapped paclitaxel and cephalomannine precipitated out after centrif ugation . 

Detailed Description Text (126) : 

The incorporation of paclitaxel in liposomes was examined by utilizing Gel Exclusion 
Chromatography (GEC) to fractionate liposomes in different sizes, and to determine 
whether the paclitaxel moves with the liposomes- The eluant from the GEC column was 
analyzed, again, by HPLC. The particle size analysis including particle size 
distribution of eluted sample was also examined by the Coulter particle size 
analyzer. 

Detailed Description Text (130) : 

FIGS. 11 and 12 show the analytical results of GEC fractionation of LIP-166 prepared 
by the sonication method (see Table 20) . FIG. 11 depicts, in bar graph form, 
intensity and size of liposomes prepared by sonication. A large amount of liposomes 
eluted out of the GEC column from 20 to 40 ml, and solutions under these peaks were 
cloudy. Entrapped paclitaxel and cephalomannine were eluted with liposomes of around 
180 nm from GEC column. These results are depicted in FIG. 12. These results are 
consistent with results obtained with LIP-154 which was prepared by the injection 
process. However, in LIP-166, the amount of paclitaxel and cephalomannine entrapped 
in the liposomes was much lower, about ten times, than those from the injection 
process. The majority of particles (86%) in LIP-166 formed by sonication are in the 
38 nm range, and would not be expected to have a high paclitaxel content since small 
sized liposomes do not trap paclitaxel as effectively as larger liposomes. 

Detailed Description Text (132) : 

A uniform size distribution of liposomes from the first stage of fractional 
decompression in both experiments was again obtained. However, paclitaxel 
concentration in this population of liposomes is relatively low. In our size 
exclusion chromatography study for LIP-154 (FIGS. 9 and 10), it was shown that 
paclitaxel eluted out mostly with liposomes in the 160 to 270 nm size range. This 
suggested that an optimal size of liposomes to encapsulate paclitaxel and 
cephalomannine may be in the range of 150-290 nm. In the second stage of 
decompression, the particles are distributed into two larger population sizes in both 
LIP- 175 and LIP- 176. This may be due to the rapid volume expansion of critical fluid 
below its critical pressure which is considerably larger than that in the first 
decompression stage. Liposomes formed in the high pressure circulation loop prior to 
the decompression go through a rapid disruption and fusion process, and vesiculate 
into larger liposomes. 

Detailed Description Text (139) : 

Stability Comparison of Liposome Encapsulated Paclitaxel Using Injection or 
Decompression Processes and Sonication 

Detailed Description Text (146) : 

Cytotoxicity Studies of Liposome Encapsulated Paclitaxel 
Detailed Description Text (147) : 

A. Toxicity of Liposomes Encapsulating Paclitaxel Against Colon Cancer Cell Lines 
Detailed Description Text (148) : 

An independent study on cytotoxicity of liposome encapsulated paclitaxel prepared by 
decompression processes was conducted. Samples of LIP-175 and LIP-176, prepared by 
the critical fluid decompression technique were tested against the HCT 116 human 
colon cancer cell line. A sample of LIP-171 which contained no paclitaxel or 
cephalomannine was also tested against the same cell line as a control. 

Detailed Description Text (149) : 

In the cytotoxicity studies, a five order of magnitude dilution of the liposomal 
encapsulated paclitaxel was used. After seeding onto the plates for four hours, the 
cells were treated with liposome encapsulated paclitaxel and unencapsulated 
paclitaxel as a control in 0.5% DMSO buffer. The paclitaxel was left on the cells for 
three days after which time the plates were re -fed and thiazolyl blue was added. The 
reduction of the thiazolyl blue to a purple formazan product correlates in a linear 
way with the number of living cells in the well plates. Therefore by measuring the 
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absorbance of this reduction product, the percent of cell survival at a given dose of 
paclitaxel can be quantified. 

Detailed Description Text (150) : 

The results of these studies were plotted with percent of cell survival as a function 
of paclitaxel concentration. Results for liposomes formed in accordance with the 
present methods but without paclitaxel are illustrated in FIG. 16. Results with 
paclitaxel, without liposomes, are illustrated in FIG. 17. Results of liposomes with 
paclitaxel are illustrated in FIG. 18. The data suggest that liposomes containing 
paclitaxel exhibit similar drug activity compared with that of paclitaxel without 
liposomes . 

Detailed Description Text (159) : 

The xenografts were evaluated after treatment with LEP, cremophor-paclitaxel, empty 
liposomes (as a control) and cremophor (as a control) . The results, tumor volume 
versus weeks of treatment, are graphically depicted in FIG. 20. Results from mice 
receiving liposomal-paclitaxel are plotted with an enclosed rectangle; results from 
mice receiving cremophor-paclitaxel are plotted with an enclosed triangle; results 
from mice receiving empty liposomes are plotted with closed circles; and results from 
mice receiving cremophor alone are plotted with open circles. After five doses of 
liposomal paclitaxel, cremophor-paclitaxel and empty liposomes, liposomal-paclitaxel 
exhibited a better antitumor effect than the cremophor-paclitaxel. 
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DOCUMENT- IDENTIFIER: US 5683715 A 

TITLE: Taxane -containing phosphatidylcholine liposomes 



Brief Summary Text (7) : 

This invention provides a liposome comprising a taxane and a bilayer comprising a 
lipid, wherein the lipid consists essentially of a phosphatidylcholine. Typically, 
the concentration of the taxane is at least about one mole percent, preferably from 
about 1 mole percent to about 4 mole percent. The taxane can be paclitaxel, taxotere, 
a baccatin or a cephalomannine, and is preferably paclitaxel. Preferably, the taxane 
is associated with the liposomal bilayer. The phosphatidylcholine (PC) is an 
unsaturated or partially unsaturated PC and includes, without limitation, dioleoyl 
phosphatidylcholine (DOPC) , palmitoyloleoyl phosphatidylcholine (POPC) , or egg 
phosphatidylcholine (EPC) ; preferably, the PC is EPC. Preferably, the liposome is 
unilamellar, more preferably a unilamellar liposome having an average diameter of 
from about 100 nm to about 200 nm. The liposome can be dehydrated. 

Brief Summary Text (9) : 

Still further provided herein is a liposome composition comprising: (I) a dehydrated 
liposome which comprises a taxane and a bilayer comprising a lipid; and (ii) one or 
more protective sugars at the inside and outside surfaces of the bilayer, wherein the 
lipid consists essentially of a phosphatidylcholine. 

Detailed Description Text (2) : 

This invention provides a liposome comprising a taxane and a bilayer comprising a 
lipid, wherein the lipid consists essentially of a phosphatidylcholine. Typically, 
the concentration of the taxane is at least about one mole percent, preferably from 
about 1 mole percent to about 4 mole percent. However, the concentration may be 
higher or lower as needed. The lower concentration limit is governed by the least 
amount of paclitaxel it is practical to make liposomes with given the intended use of 
the liposomal paclitaxel, and may be readily determined by ordinarily skilled 
artisans. The upper limit is governed by the paclitaxel crystallization 
concentration, i.e., the concentration at which it separates out from lipid bilayers 
and forms aggregates. 

Detailed Description Text (5) : 

Phosphatidylcholines (PCs) are preferred herein for liposome formulation with 
taxane s . PCs having unsaturated acyl chains, that is fatty acids having one or mor 
double bonds between adjacent carbon atoms, or partially unsaturated acyl chains, 
that is, one unsaturated and one saturated, are preferred herein. These unmsaturated 
or partially unsaturated PCs include, withjout limitation, dioleoyl 
phosphatidylcholine (DOPC) , palmitoyloleoyl phosphatidylcholine (POPC) , or egg 
phosphatidylcholine (EPC) . 

Detailed Description Text (6) : 

Such lipids are the most effective at inhibiting taxane crystallization and 
concomittant precipitation from lipid bilayers, as demonstrated by the 
crystallization data presented below (see Example 1) . Dispersion of paclitaxel and a 
lipid were formulated, with the paclitaxel and lipid concentrations (as well as the 
relative proportions of paclitaxel and lipid) given in Table 1 (see below) . The 
ability of paclitaxel to form a stable dispersion with a lipid, described in the 
table as a "Yes", indicates that the lipid can be a suitable liposome-based carrier 
for the taxane, that is, liposomal taxane formulations will be stable in storage. 
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Stable liposomal taxane preparations are generally characterized by an absence of 
taxane aggregation and crystallization. Preferred lipids are those a unit weight of 
which a greater amount of a taxane can be associated with; that is, the 
paclitaxel/lipid ratios and mole percent paclitaxel in the dispersion are highest for 
the preferred lipids; consequently, the lipid/paclitaxel ratio is lower in the 
preferred lipids. The data presented in Table 1 claerly show that the 
paclitaxel/lipid ratio and mole percent paclitaxel in the dispersion are highest 
(43.99 micrograms/milligram and 3.76, respectively) for the most preferred PC, that 
is, EPC. 

Detailed Description Text (10) : 

Liposomal dehydration generally requires use of a hydrophilic drying protectant (see 
U.S. Pat. No. 4,880,635, the contents of which are incorporated herein by reference). 
This hydrophilic compound is generally believed to prevent the rearrangement of the 
lipids in the liposome, so that the size and contents are maintained during the 
drying procedure and through rehydration, such that the liposomes can be 
reconstituted. Appropriate qualities for such drying protectants are that they be 
strong hydrogen bond formers, and possess stereochemical features that preserve the 
intramolecular spacing of the liposome bilayer components. Saccharide sugars, 
preferentially mono- and disaccharides , more preferably, disaccharides , are suitable 
drying protectants for liposomes. Alternatively, the drying protectant can be omitted 
if the liposome preparation is not frozen prior to dehydration, and sufficient water 
remains in the preparation subsequent to dehydration and if the liposome is 
multilamellar. Preferably, the protective sugar concentration in the liposome 
composition prior to dehydration is from about 100 mM to about 250 mM, or from about 
5 moles of sugar per mole of phosphatidylcholine to about 12.5 moles of sugar per 
mole phosphatidylcholine. The protective sugar should be present at both inside and 
outside the liposome bilayers prior to dehydration. Without intending to be limited 
by theory, it is generally believed that protective sugars inside liposome bilayers 
prior to dehydration inhibit leakage of liposome contents, and that outisde sugars 
inhibit interliposomal aggregation and fusion. Further provided herein is a liposome 
composition comprising: (I) a dehydrated liposome which comprises a taxane and a 
bilayer comprising a lipid; and (ii) one or more protective sugars at the inside and 
outside surfaces of the bilayer, wherein the lipid consists essentially of a 
phosphatidylcholine 

Detailed Description Text (14) : 

Still further provided is a method of administering a taxane to an animal, preferably 
a human, which comprises administering to the animal this pharmaceutical composition. 
This method can be used to administer liposomal taxanes to animals afflicted with 
cancers, e.g., brain, breast, colon, liver, lung, ovarian or prostate cancer; such 
therapeutic use requires administration of an amount of the pharmaceutical 
composition which comprises an amount of the liposome comprising an anticancer 
effective amount of the taxane . Preferably, the taxane administered is paclitaxel. 

Detailed Description Text (24) : 

Formation of Egg Phosphatidylcholine Multilamellar Liposomes (MLVs) Containing 
Paclitaxel 

Detailed Description Text (31) : 

Liposomes containing EPC, but no paclitaxel (placebo vesicles) , were formed with 10 
grams of EPC and 75 ml of methylene chloride according to the above -described 
procedure (see Example 3) . The EPC and methylene chloride were mixed with an A-2 00 
propeller (high shear) . The mean diameter (see FIG. 1) of the liposomes formed, as 
determined by NICOMP, was 204.5 nm. Freeze-f racture electron microscopy showed 
liposomes with diameters of from about 65 nm to about 350 nm, in agreement with the 
NICOMP. 

Detailed Description Text (32) : 

Liposomes containing EPC and paclitaxel were formed using 10 grams of EPC, 300 mg of 
paclitaxel and 75 ml of methylene chloride by the same procedure. The mean diameter 
of the liposomes formed, as determined by NICOMP, was 309.8 nm (see FIG. 2). 
Freeze-f racture electron microscopy showed that vesicles with diameters of from about 
90 to about 1200 nm were formed. The EM studies also showed that the interlamellar 
spacings in these liposomes were large and irregular, which is indicative of a 
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repulsion between the layers. No paclitaxel crystallization was observed by light or 
EM microscopy or upon centrif ugation in histopaque. Crystals 5 to 15 microns long 
were observed, by light microscopy, after the liposomes had been stored for about one 
week in the cold room (4 deg. C.) These were removed by centrif ugation in histopaque, 
saving the supernatants and discarding the resulting pellets. 

Detailed Description Text (35) : 

Multilamellar liposomes containing EPC and paclitaxel (MW 853.9) were prepared as 
described above (see Example 3). The MLVs were then extruded through 0.1 micron and 

0. 2 micron Nucleopore . TM . polycarbonate filters, Paclitaxel concentrations were 
determined by spectrophotometry using an extinction coefficient of . theta . =2 9, 700 
L/mol .cm. sup. -1 at 229 nm. Due to the overlap with the EPC peak, subtraction of this 
peak was performed by using an equivalent amount of EPC in the reference cell. Five 
percent of the paclitaxel contained within the EPC MLVs was lost after the multiple 
extrusions through the 0.2 micron filters. Nine percent was lost after extrusion 
through the 0.1 micron filters. No paclitaxel crystallization was observed in any of 
the unilamellar liposomes produced by the extrusion process. 

Detailed Description Text (38) : 

Liposomes containing egg phosphatidylcholine (EPC) and paclitaxel were made, as 
described above, and then administered (intravenously, day 1) to groups of mice in 
the doses indicated below. The number of mice in each group surviving until the end 
of the observation period (15 days) was then determined. 

CLAIMS : 

1. A liposome consisting essentially of a lipid and paclitaxel, wherein the lipid is 
an unsaturated or a partially unsaturated phosphatidylcholine. 

2. The liposome of claim 1, wherein the concentration of paclitaxel is at least about 
one mole percent . 

3. The liposome of claim 2, wherein the concentration of paclitaxel is from, about 1 
mole percent to about 4 mole percent. 

4. The liposome of claim 1, wherein paclitaxel is associated with the bilayer. 

15. A liposome composition which comprises: (i) a dehydrated liposome consisting 
essentially of paclitaxel and a lipid; and (ii) one or more protective sugars at the 
inside and outside surfaces of the bilayer, wherein the lipid is an unsaturated or 
partially unsaturated phosphatidylcholine. 
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COUNTRY 



IN 



US -CL- CURRENT: 514/449; 549/510, 549/511 
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liposomes adj5 (taxane or paclitaxel) 
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